In conjunction with our studies of the amidoalkylation reaction,' multigram quantities of N-acyl-2-pyrrolines (1) were needed. Interestingly, only a few methods for the synthesis of this class of compounds had been reported. Stille and co-workers prepared 1 by a novel transition metal mediated isomerization of Nacyl-3-pyrrolines2 and also cyclized (acy1amino)butyraldehydes to produce le3 Although these methods are excellent for qmall-scale preparation, large-scale reactions would entail considerable expense. Isomerization of la with NaSPh. Method B was used with NaSPh (132 mg, 1.0 mmol) and la (264 mg, 1.0 mmol) in 3.0 mL of CH3CN for 2 h. The products were identified as 2,3-dimethyl-l,4-naphthoquinone (58 mg, 31%), 2a (161 mg, 61%), and la (34 mg, 13%).
Isomerization of la with NaSPh. Method B was used with NaSPh (132 mg, 1.0 mmol) and la (264 mg, 1.0 mmol) in 3.0 mL of CH3CN for 2 h. The products were identified as 2,3-dimethyl-l,4-naphthoquinone (58 mg, 31%), 2a (161 mg, 61%), and la (34 mg, 13%).
Isomerization of lb, with NaSEt. Method B was used with NaSEt (67 mg, 0.8 mmol) and lb (261 mg, 0.8 mmol) in 3.0 mL of CH&N for 45 min. The products were identified as 2,3-dimethyl-l,4-naphthoquinone (6 mg, 4%), 2b (245 mg, 94%), and lb (18 mg, 7%).
Isomerization of la with Sodium Methoxide. Sodium methoxide (11 mg, 0.2 mmol) was added to a solution of la (106 mg, 0.4 mmol) in acetonitrile (1.0 mL) in an ice bath under Ar for 1.5 h. The reaction solution was worked up as described in method B. The products were identified as 2a (92 mg, 87%) and la (16 mg, 15%). When ethanol was used as the solvent at room temperature only 2a and la were obtained.
In conjunction with our studies of the amidoalkylation reaction,' multigram quantities of N-acyl-2-pyrrolines (1) were needed. Interestingly, only a few methods for the synthesis of this class of compounds had been reported. Stille and co-workers prepared 1 by a novel transition metal mediated isomerization of N-acyl-3-pyrrolines2 and also cyclized (acy1amino)butyraldehydes to produce le3 Although these methods are excellent for qmall-scale preparation, large-scale reactions would entail considerable expense. Acylation of 1-pyrroline with an acid chloride or alkyl chloro carbonate would be an attractive route to 1. This reaction is well-known for acyclic imine^.^ Cushman has recently reported an elegant synthetic use of this r e a~t i o n .~ However, 1-pyrroline is unstable and has been little studied.6 The trimer of 1-pyrroline, 2, is readily available by oxidation of pyrrolidine with sodium peroxodisulfate and 0.5% silver nitrate' and has been used as a synthetic equivalent of l-pyrroline. 8 After several unsuccessful attempts to obtain 1 by the reaction of alkyl chloroformates with 2, we decided to explore the possibility that 2 could dissociate into 1-pyrroline upon heating. Flow pyrolysis at 320 "C followed by reaction with methyl chloroformate afforded modest yields of 1 (R = OCHd but was accompanied by much Typically 55-60% of the trimer is condecomposition. Interestingly, Nomura had noted that 2 "decomposed" at 50 0C. Presumably the trimer dissociates in the refluxing tetrahydrofuran solution and 1-pyrroline codistills with the tetrahydrofuran. Trimerization must be slow at -78 "C. The products can be purified by distillation or column chromatography on silica gel. The results of our acylation experiments are given in Table I .
This method permits the preparation of multigram quantities of 1. The availability of solutions of 1-pyrroline should assist further investigations into the chemistry of 1-pyrrolines.
Experimental Section
Unless otherwise noted, materials were obtained from commercial suppliers and were used without further purification. THF was distilled from LiAlH4 prior to usage. Infrared spectra were determined on a Acculab 6 spectrometer. NMR spectra were determined by using either a Hitachi Perkin-Elmer R-20B WMHz or a Varian HA-100 100-MHz instrument. '3c NMR spectra were determined on a JEOL FX-9OQ Fourier transform spectrometer. Both proton and carbon chemical shifts are expressed in parts per million downfield from internal tetramethylsilane. Highresolution mass spectra were recorded on an AEI MS-902 highresolution mass spectrometer.
General Procedure. The trimer (10.35 g, 50 mmol, 0.1 M in THF) was distilled through a short-path distillation appartus into a flask cooled to -78 "C. Triethylamine (10.1 g, 100 mmol) was added. The acylating agent (100 mmol) was then added dropwise and the suspension was allowed to warm to ambient temperature overnight. The product that was obtained after filtration and removal of the solvent in vacuo was purified by distillation or column chromatography.
N-(Methoxycarbonyl)-2-pyrroline: bp 77-80 "C (12 mmHg); rotameric pair? NMR (CDC13) 6 2.07 and 2.17 (s, 1 H), 2.72 (m, 2 H), 3.87 (t, J = 9 Hz, 2 H), 5.26 (m, 1 H), 6.93 and 6.50 (m, 1 H); 13C NMR (CDClJ 6 21.1,21.5,27.8,29.6,44.2,45.7,110.1,111.1 The synthetic model approach has been particularly successful in probing the relationship between structure and function of the active sites of heme-containing proteins.' An array of "capped", "strapped", "picket-fence", and other variously described sterically constrained porphyrins has been synthesized, together with porphyrins containing a variety of potentially ligating "tails". Most of the syntheses described are lengthy, low yielding, or allow little convenient variation. More importantly, there are no syntheses described which unambiguously allow facial discrimination, either with regard to attaching a (functionalized) "strap", or to constraining two attached ligand "tails" (either identical or dissimilar) to opposite faces of the porphyrin. We now describe an efficient synthesis of such a system. The utility of this approach is demonstrated by the synthesis of a porphyrin-containing ligand system appropriate for cytochrome c oxidase models: an [NS,] ligand "strap" as a potential binding site for Cu(I1) ions is linked across one face of a porphyrin capable of binding Fe. Full experimental details of the ligand synthesis are now presented, and the properties of the Fe/Cu complexes are described elsewhere.2 meso-(Ortho-substituted)aryl porphyrins offer an advantage in the synthesis of suitable model systems in that restricted rotation around the meso C-aryl C bond allows the possibility of separation of atropi~omers.~ Additional alkyl substituents on the pyrroles should further enhance stability toward i~omerization.~ Thus, a synthesis of an appropriately disubstituted porphyrin incorporating these concepts was planned and executed as outlined in Scheme I.
The (tetramethyldipyrry1)methane 1 was obtained by standard procedures: ethyl 3,4,5-trimethylpyrrole-2-carboxylate (conveniently prepared in large quantities by either of two6*6 modifications to the original' procedure) was converted via the 2-acetoxymethyl derivative to diethyl 3,3',4,4'-tetramethyl-2,2'-dipyrrylmethane-5,5'-dicarboxylate;8 hydrolysis and decarboxylationg gave 1. Condensation of 1 with o-nitrobenzaldehyde produced a good yield of the porphyrinogen 2, together with a variable (04%) yield of the monoaryl porphyrinogen 3, which presumably arises through the well-documented1° acidcatalyzed rearrangement of the di-or tetrapyrrole intermediates. Variations in reaction time, temperature, catalyst, or solvent generally resulted in either increased yields of 3 at the expense of 2 or, alternatively, mixtures of the corresponding porphyrins were isolated in considerably
